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Abstract

Background and Obijectives: Sclerotinia sclerotiorum (Lib.) de Bary is a globally distributed
necrotrophic fungus that infects a wide range of plants. An in-depth analysis of aggressiveness variation,
diversity of mycelial compatibility groups (MCGs), and the occurrence of sexual reproduction via the
methods, such as mating type genotype determination can provide valuable insights into the genetic
diversity, and evolutionary potential of this fungus. In West Azarbaijan province, S. sclerotiorum poses
a significant threat to sunflower and cabbage crops, causing considerable losses. Nevertheless, there is a
dearth of research that compares the aggressiveness diversities and MCG of fungal isolates from these
two hosts. Additionally, there is presently no information available regarding the mating type genotypes
of the pathogen populations in the province. This study was conducted to investigate, and compare
MCGs and aggressiveness diversity in S. sclerotiorum populations from sunflower, and cabbage fields
in West Azarbaijan province. The research also aimed to identify mating type genotypes, and compare
their aggressiveness diversity.

Materials and Methods: This study examined 136 S. sclerotiorum isolates collected from sunflower, and
cabbage fields in Urmia, Salmas, and Khoy in West Azarbaijan province, Iran. The mating type alleles of
the isolates were determined using specific primers. Isolates in which either Inv+ MAT (inversion positive)
or Inv—MAT allele was detected were classified as Inv+ MAT or Inv— MAT genotype, respectively. Isolates
showing amplification of both alleles were categorized as heterokaryon genotypes. The MCGs of isolates
were determined by pairing them in all possible combinations on potato dextrose agar. To evaluate MCG
diversity, MCG richness (ratio of different MCGs) was calculated for the populations. The aggressiveness
of 80 isolates was evaluated by inoculating them on detached leaves of sunflower and cabbage, and then
measuring the diameters of the resulting lesions five days after the inoculation. Lesion diameter data were
analyzed using a general linear model and means were compared using Tukey—Kramer honestly significant
difference.

Results: The primers successfully amplified MAT alleles in the isolates, leading to the identification of
three genotypes, Inv— MAT, Inv+ MAT, and heterokaryon. The Inv— MAT genotype was the most
frequent genotype in all regions and on sunflower, while heterokaryon genotype was more common
among cabbage isolates. A total of 17 MCGs were identified in the 136 isolates. Eleven of these MCGs
had multiple isolates, with MCG1, MCG2, and MCG3 having the highest number of isolates,




respectively. MCG1 and MCG6 were found in all three studied regions and on both hosts, while MCG4
was detected in Urmia and Salmas on both hosts. The total MCG richness among all 136 isolates was
12.5%, with cabbage isolates exhibiting a greater MCG richness of 18.6% than sunflower isolates, which
had a smaller MCG richness of 12.9%. Salmas had the highest level of diversity among the regional
populations, with a mean MCG richness of 29.6%. A significant difference in lesion diameter on
detached leaves of sunflower and cabbage was observed among the isolates. Significant differences were
observed in the lesion diameters of isolates from hosts, MAT genotypes, and MCGs. The isolates from
cabbage, and those with a heterokaryon genotype demonstrated higher aggressiveness compared to
sunflower isolates, and other MAT genotypes, respectively.

Discussion: The presence of inversion in the MAT locus reveals the occurrence of sexual reproduction
in the province. The existence of heterokaryon genotype indicates the outcrossing of fungus in the region.
Increased genetic diversity may result from this event, which would improve the pathogen's potential for
evolution and adaptation. The study's findings indicated a low number and richness of MCG in the
province, which may be explained by the region's fungal isolates' reduced availability of alleles at gene
loci related to mycelial compatibility. A significant variation in aggressiveness was observed among
isolates on sunflower and cabbage leaves. The presence of the heterokaryon genotype and inversion at
the MAT locus, coupled with the diversity in aggressiveness, indicate the high evolutionary potential and
adaptability of the fungus in the province, which could impact the effectiveness of fungicides, and
resistant cultivars used for controlling this pathogen. To improve the effectiveness of resistant cultivars,
it is crucial to screen cultivars using multiple isolates from diverse MCGs, regions, and hosts.
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Figure 1. DNA fragments from Sclerotinia sclerotiorum isolates of differing mating types, Inv— MAT or Inv+
MAT, amplified using specific primers. Isolates exhibiting DNA fragments from both mating types are

heterokaryon. Each isolate is labeled at the top of the lane, and the fragment sizes are indicated on the right
side of the gels. Lane M: ExcelBand™ 100 bp+3K DNA ladder (SMOBIO, Taiwan).
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Table 1. Distribution and frequency of MAT genotypes within Sclerotinia sclerotiorum populations collected

from various regions.

. . MAT genotype
Region  No.isolates —— 0y Inv+ MgAT - Heterokaryon
Urmia 95 46 (48.42%) 15 (15.79%) 34 (35.79%)
Salmas 27 18 (66.67%) 4 (14.81%) 5 (18.52%)
Khoy 14 10 (71.43%) 3 (21.43%) 1(7.14%)
Total 136 74 (54.41%) 22 (16.18%) 40 (29.41%)
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Table 2. Distribution and frequency of MAT genotypes within Sclerotinia sclerotiorum populations collected

from two host plants.

. MAT genotype
Host No. isolates Inv— MAT Invt MAT ____ Heterokaryon
Sunflower 93 58 (62.37%) 18 (19.35%) 17 (18.28%)
Cabbage 43 16 (37.21%) 4 (9.30%) 23 (53.49%)
Total 136 74 (54.41%) 22 (16.18%) 40 (29.41%)
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Figure 2. Distribution and frequency of vegetative compatible groups (MCGs) in Sclerotinia sclerotiorum
populations collected from different regions (A) and hosts (B).
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Table 3. Frequency and richness of vegetative compatible groups (MCGs) within Sclerotinia sclerotiorum

populations collected from different regions.

Region No. isolates No. MCGs Richness (%0)
Urmia 95 3 21.4
Salmas 27 8 29.6
Khoy 14 15 15.8
Total 136 17 125
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Table 4. Frequency and richness of vegetative compatible groups (MCGs) within Sclerotinia sclerotiorum

populations collected from two host plants.

Host No. isolates No. MCGs Richness (%0)
Sunflower 93 12 12.9
Cabbage 43 8 18.6
Total 136 17 12,5
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Figure 3. Mean lesion diameter of Sclerotinia sclerotiorum isolates on detached leaves of sunflower (A) and
cabbage (B) five days post-inoculation. Standard deviations are represented by horizontal lines in each column,
and the vegetative compatibility group (MCG) of each isolate is denoted in parentheses. In each charts, means
sharing the same letters do not significantly differ at the five percent probability level.
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Figure 4. Mean lesion diameter of Sclerotinia sclerotiorum isolates within vegetative compatible groups (MCGs,
A), MAT genotypes (B), host plants (C), and sampling regions (D) on detached leaves of sunflower and cabbage,

five days post-inoculation. Standard deviations are shown as horizontal lines in each bar. Means sharing the
same letters do not significantly differ at the five percent probability level within each graph.
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